Abstract Many studies have demonstrated that SIRT1, an NAD + -dependent deacetylase, reduces apoptosis in several different cells. However, the role of SIRT1 in apoptosis of disc nucleus pulposus (NP) cells remains unclear. The present study was performed to determine whether degenerative human NP would express SIRT1, and to investigate the role of SIRT1 in NP cells apoptosis. The expression of SIRT1 in disc NP of patients (>55 years) with lumbar disc degenerative disease (DDD) and the disc NP of patients (<25 years) with lumbar vertebra fracture (LVF) was assessed by immunohistochemistry, reverse transcription polymerase chain reaction, and Western blot analysis. The results showed that SIRT1 mRNA and protein levels were greater in LVF disc NP than those in DDD disc NP. Degenerative human NP cells were treated in culture with activator or inhibitor of SIRT1, resveratrol or nicotinamide, or SIRT1 small interfering RNA (siRNA), and cell apoptosis was quantified via flow cytometry. The rate of apoptosis was far fewer in resveratrol-treated NP cells than in SIRT1 siRNA-transfected or nicotinamide-treated NP cells. After SIRT1 siRNA was transfected, NP cells decreased phosphorylation of Akt, while resveratrol phosphorylated Akt. Treatment with LY294002 or Akt siRNA increased the rate of apoptosis. Our results suggested that SIRT1 plays a critical role in survival of degenerative human NP cells through the Akt anti-apoptotic signaling pathway.
Introduction
Approximately 80 % aging population are suffering from low back pain, which has caused a significant socioeconomic problem (Takahashi et al. 2008) . It is well known that intervertebral disc (IVD) degeneration is the leading cause of low back pain and increasingly becoming a major public health issue. One of the most evident cellular and biochemical changes credited to degeneration is excessive apoptosis of nucleus pulposus (NP) cells capable of producing cartilage-specific extracellular matrix (ECM) components Hanley 1998, 2003; Zhao et al. 2006 Zhao et al. , 2007 Park et al. 2001a, b) . The balance between ECM synthesis and degradation is disturbed in IVD degeneration, leading to a gradual loss of disc ECM, and lastly, structural failure and biomechanical change (Bibby et al. 2001; Lauerman et al. 1992) . Therefore, apoptosis of NP cells plays a role in the development of IVD degeneration. With this in mind, one possible strategy to block apoptosis of NP cells may provide a means to correct ECM insufficiencies, with a goal of retarding the progression of the IVD degeneration changes.
Numerous scientific studies show that SIRT1, identified as the mammalian homolog of silent information regulation 2 (Sir2) in yeast, is a longevity gene which can inhibit apoptosis and enhance cell survival in a variety of cell systems under calorie restriction (Michan and Sinclair 2007; Cohen et al. 2004) . SIRT1 is an NAD + -dependent class III histone deacetylase that is capable of mediating gene silencing (Imai et al. 2000) . A number of apoptosis-associated non-histone proteins such as tumor suppressor p53 and forkhead transcription factors can also be deacetylated by SIRT1 which plays a pivotal role in many cellular functions, including cell differentiation and proliferation, apoptosis, and cell aging (Michan and Sinclair 2007; Glozak and Seto 2007; Longo and Kennedy 2006; Furukawa et al. 2007; Saunders and Verdin 2007) .
Recently, it has been demonstrated that SIRT1 has vital inhibitory effects in cardiac myocyte and chondrocytes apoptosis, vascular endothelial cell and dermal fibroblast senescence, and axonal degeneration in neurons (Alcendor et al. 2007; Araki et al. 2004; Takayama et al. 2009; Gagarina et al. 2010; Ota et al. 2010; Ohguchi et al. 2010) . SIRT1 has been shown to block expression of matrix metalloproteinase (MMP)-1 and MMP-3 at both mRNA and protein levels in human dermal fibroblasts (Ohguchi et al. 2010) . Additionally, members of the MMP family implicate in the breakdown NP ECM in IVD degeneration. It was speculated that SIRT1 may retard IVD degeneration. It has also been shown that chondrocytes from osteoarthritis cartilage show lower levels of SIRT1 expression than normal cartilage (Takayama et al. 2009; Gagarina et al. 2010; Dvir-Ginzberg et al. 2008 ). In addition, SIRT1 can also enhance the expression of many cartilage-specific ECM genes, such as type II collagen (COL2A1), aggrecan (Dvir-Ginzberg et al. 2008) . It has been demonstrated that disc NP cells have the same morphology and avascular supply as chondrocytes, and the incidence of degenerative disc disease increases rapidly with age. Therefore, this has led to the hypothesis that there may be an inherent relationship between SIRT1 activity and the apoptosis of NP cells.
The present study was performed to determine whether degenerative human NP would express SIRT1, and to investigate the role of SIRT1 in NP cells apoptosis, SIRT1 small interfering RNA (siRNA) was transfected into degenerative human NP cells to knock down SIRT1 expression through disc NP of patients (<25 years) with lumbar vertebra fracture (LVF), and the disc NP of patients (>55 years) with lumbar disc degenerative disease (DDD) by flow cytometry, reverse transcription polymerase chain reaction (RT-PCR), and Western blot analysis.
Materials and methods

Tissue source
The degenerative human NP samples were donated from patients (21 cases; mean age, 64; range, 55-72; 12 males and 9 females) with DDD during nucleotomy and intervertebral fusion surgery. Relatively normal NP were donated from three young male patients (aged 21, 23, and 24 years old, respectively) with LVF undergoing posterior nucleotomy, spinal fusion, decompression, and stability within 24 h of trauma, without formerly documented clinical history of low back pain, and were used as control. The NP samples were harvested under sterile conditions and delivered to the laboratory within 30 min after being harvested. Complete culture medium with serum at 4°C was used as transport medium.
The study was approved by the ethics committee of Chongqing Medical University, and informed consent of all the patients involved in our study was obtained. Routine MRI scan of spine was performed for all degenerative patients to diagnosed DDD. The grade of disc degeneration was graded according to the Pfirrmann classification (Pfirrmann et al. 2001 ). There were Grades III-VI lumbar discs of all patients with DDD and Grade I lumbar discs degeneration of all three patients with LVF.
Immunohistochemical analysis NP samples were fixed in 4 % paraformaldehyde and then embedded in paraffin. Sections of 4 μm in thickness were prepared. Afterwards, the sections were mounted onto slides, deparaffinized in xylene, and rehydrated through graded alcohol into double-distilled water, treated with 3 % H 2 O 2 for 15 min to eliminate endogenous peroxidases activity, and blocked with special serum for 15 min. Then, they were incubated overnight at 4°C with rabbit anti-SIRT1 (Abcam), rabbit anti-MMP-2 (Santa Cruz biotechnology)-specific antibodies, and visualized using immunohistochemical kit (Boster).
Cell isolation and culture NP samples were separated from annulus according to their different macroscopic morphology and washed twice in phosphate-buffered saline solution (PBS). Samples were minced, and matrix was digested 20 min at 37°C in 0.25 % trypsin solution, following 3-4 h in 0.2 % type II collagenase. Isolated cells were filtered through a 200-μm filter and then resuspended in Dulbecco's modified Eagle's medium and Ham's F-12 medium (DMEM/F12, 1:1) containing 15 % fetal bovine serum (FBS), without any antibiotics. Monolayer cell cultures were maintained in a 5 % CO 2 :95 % air incubator at 37°C. All experiments were carried out with human NP cells from passage 3 to passage 5.
Senescence-associated β-galactosidase staining Briefly, human disc NP cells from LVF and DDD at passages 3 were cultured in 6-well plates for 24 h, fixed with fixative solution, and then senescence-associated β-galactosidase (SA-β-Gal) staining was performed according to SA-β-Gal kit (Beyotime) instructions for 12 h. The cells were then photographed under a microscope for qualitative detection of SA-β-Gal activity.
Activator and inhibitor of SIRT1 treatment NP cells were plated in a 6-well plate 24 h prior to treatment. Cells were then treated with the indicated concentrations of activator or inhibitor of SIRT1, resveratrol (8 μM) (Sigma-Aldrich) or nicotinamide (0, 4, 8, and 12 mM; Sigma-Aldrich), in medium and incubated for 48 h. Afterwards, human NP cells were collected for flow cytometry or Western blotting. In order to induce apoptosis, TNFα (12 ng/ml; Peprotech) sometimes was added to the culture medium, or cells were cultured in the medium containing 0.5 % FBS. siRNA transfection Double-stranded small interfering RNA (siRNA) for human SIRT1 gene silencing was designed and chemically synthesized (Invitrogen). The expression of endogenous SIRT1 of degenerative human NP cells was suppressed by siRNA. Sequences of the SIRT1 siRNA were as follows: sense strand 5′-CCAAGCAGCUAA-GAGUAAUTT-3′, antisense strand 5′-AUUACU-CUUAGCUGCUUGGTT-3′. Cells were seeded in 6-well plate 24 h prior to transfection. After 24 h, cells at 60-70 % confluency were transfected with negative control or SIRT1 siRNA duplexes for 36 h at 30 nM using PepMute siRNA Transfection Reagent (SignaGen, USA) according to the manufacturer's instructions. After the following further various treatments, cells were harvested for cell apoptosis analysis, and protein extracts were subjected to Western blot experiments.
Cells apoptosis assay
Apoptotic cells of NP were assessed with a TUNEL assay kit (Roche) that enzymatically labels DNA strand breaks. Endogenous peroxidases were quenched by incubating slides with blocking solution for 10 min at 20°C. The TUNEL reaction solution (50 μl) was then added, and the slides were incubated in a humidified atmosphere for 1 h at 37°C. Apoptotic NP cells were quantified by counting TUNEL-labeled apoptotic cells. Results are expressed as counts of TUNEL-labeled apoptotic cells.
Apoptotic NP cells following different treatments were detected by Annexin V/PI double-staining flow cytometry. Briefly, cells were harvested, washed twice with PBS, and resuspended in binding buffer. Annexin V solution and PI were added to these cells, and the fluorescence intensities of Annexin V/PI-stained cells were analyzed by flow cytometry within 1 h. Early apoptotic cells show Annexin V+/PI−, late apoptotic shows Annexin V+/PI+, and normal cells show Annexin V−/PI−, respectively. Apoptotic cells (early stage and late stage) were counted, and the results were expressed as a percentage of the total cell count.
RNA extraction and real-time RT-PCR
Total RNA of cells was extracted using RNAiso Plus (TaKaRa Biotechnology) according to the manufacturer's manual. The isolated RNA samples were reversely transcribed to cDNA using PrimeScript® RT reagent Kit With gDNA Eraser (TaKaRa Biotechnology). Real-time quantitative RT-PCR was carried out with SYBR® Green Realtime PCR Master Mix (TOYOBO) on the iQ5 RT-PCR System (Bio-Rad, USA), and relative gene expression was analyzed according to the manufacturer's instructions. Reaction conditions used for amplification consisted of one cycle at 95°C for 3 min, followed by 40 cycles at 95°C for 15 s, respective annealing temperature for 20 s, and an elongation phase at 72°C for 20 s. Primer for human genes, SIRT1 (sense, 5′-ccagaacatagacacgctggaac-3′; antisense, 5′-ctcctcgtacagcttcacagtca-3′), COL2A1 (sense, 5′-ctcaagtccctcaacaaccaga-3′; antisense, 5′-ggggtcaatccagtagtctccac-3′), aggrecan (sense, 5′-gccagcaccaccaatgtaagt-3′; antisense, 5′-agtaacaccctccacgaactcag-3′), and GAPDH (sense, 5′-ctttggtatcgtggaaggactc-3′; antisense, 5′-gtagaggcagggatgatgttct-3′) were synthesized by TaKaRa (TaKaRa Biotechnology).
Cell lysates and Western blotting NP cells were washed in ice-cold PBS and lysed via gentle agitation in ice-cold lysis buffer added in protease and phosphatase inhibitor. Protein concentration was measured by enhanced BCA protein assay. Protein samples were mixed with 5× sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis (PAGE) sample loading buffer, boiled for 10 min, and then separated on 6-10 % SDS-PAGE gels. After electrophoresis, proteins were transferred to polyvinylidene difluoride membrane (PVDF). The membranes were blocked in phosphate buffered saline (PBS) containing 0.05 % Tween-20 and 5 % bovine serum albumin (BSA) for 1 h, washed, and incubated with primary antibodies against SIRT1 (Abcam), COL2A1 (Santa Cruz biotechnology), aggrecan (Santa Cruz biotechnology), Akt (Cell Signaling Technology), phospho-Akt (Ser473; Cell Signaling Technology), active caspase-3 (Epitomics), Bcl-2 (Epitomics), acetyl-histone H3 (lys9; Cell Signaling Technology), and GAPDH (Santa Cruz biotechnology) in the same blocking buffer overnight at 4°C. After the membranes were rinsed three times for 5 min in PBS-Tween-20 (PBS-T), they were incubated for 1 h with horseradish peroxidase-conjugated secondary antibody. After three times of washing with PBS-T, the immunocomplexes were visualized using enhanced chemiluminescence and analyzed using the software.
Statistical analysis
Data are reported as the mean ± SD of individual analysis. Statistical differences were measured by one-way analysis of variance (one-way ANOVA), and p<0.05 was considered statistically significant.
Results
Low SIRT1 expression in NP of patients with DDD compared with that of LVF disc NP Immunohistochemical detection using specific antibodies revealed that SIRT1-postive cells in degenerative DDD NP sample were significantly decreased compared with that of the NP samples from patient with LVF (Fig. 1a) . Conversely, an increase of MMP-2-positive cells was apparent in the degenerative DDD NP samples compared to that of NP samples from patient with LVF (Fig. 1b) .
TUNEL assay was performed to detect the apoptosis of surgical NP specimens from LVF and DDD. We found that the incidence of apoptotic cell of surgical NP specimens from patients with DDD was significantly greater compared with that of the LVF patients (Fig. 1c) .
Both the number of SA-β-Gal-positive cells (blue) and the intensity of the staining were remarkably increased in disc NP cells from DDD according to SA-β-Gal staining (Fig. 1d) .
Analysis of SIRT1 mRNA and protein of NP cells by RT-PCR and Western blot demonstrated that SIRT1 levels were elevated in NP cells from patients with LVF ( Fig. 2a-c) . Simultaneously, the expression of COL2A1 and aggrecan was significantly decreased in the DDD NP cells compared with that of the LVF patients (Fig. 2a, b, d , e).
Treatment with nicotinamide increases apoptosis of degenerative human NP cells
The expression level of acetylated histone H3 was increased after treatment with nicotinamide (0, 4, 8, and 12 mM; NAM, an inhibitor of SIRT1; Fig. 3a) . Meanwhile, NAM markedly increased DDD NP cells apoptosis rate in a dose-dependent manner detected by Annexin V/PI double-staining flow cytometry after treatment with different concentrations of nicotinamide for 48 h (Fig. 3b, c) .
Knockdown of endogenous SIRT1 of human degenerative NP cells prompts apoptosis levels
In order to confirm the SIRT1 effects on apoptosis of human degenerative DDD NP cells, we analyzed whether knockdown of endogenous SIRT1 by siRNA could affect the apoptosis rate of degenerative human NP cells. The level of SIRT1 protein expression was greatly reduced after transfection of siRNA for SIRT1 for 48 h, but the level of GAPDH was not affected (Fig. 4a) . Annexin V/PI double-staining flow cytometry analysis demonstrated that apoptosis levels of DDD NP cells were significantly upregulated in transfection of siRNA for SIRT1 cells compared with that of LVF cells (Fig. 4b, d ). Next, we tested whether SIRT1 siRNA transfection influences apoptotic sensitivity to tumor necrosis factor (TNFα). It was found that SIRT1 knockdown DDD NP cells increased, sensitive to apoptosis induced by TNFα (Fig. 4c, d ). These results suggest that SIRT1 participates in the negative regulation of the apoptosis of degenerative NP cells.
Treatment with resveratrol inhibits NP cells apoptosis levels
To further confirm the involvement of SIRT1 in the regulation of apoptosis of degenerative NP cells, we Fig. 1 Examination of SIRT1 and metalloproteinase 2 (MMP-2) expression in human NP surgical sample by immunohistochemistry. a SIRT1 levels are elevated in NP surgical sample from patients with lumbar vertebra fracture (LVF). b Metalloproteinase 2 (MMP-2) levels of NP surgical sample from patients with LVF are reduced compared with those of NP surgical sample from patients with lumbar disc herniation (DDD). c The percentages of apoptotic cells in the disc NP surgical sample from LVF and DDD were detected using TUNEL assay, quantitated using image analysis. d Effect of the different disc degeneration on percentage of senescenceassociated β-galactosidasepositive cells. Three independent experiments were performed, and data of image analysis represents the mean±SD. Asterisks: significant difference with respect to DDD (p<0.05) investigated the effect of SIRT1 activator, resveratrol, on NP cells apoptosis. Treatment with resveratrol reduced the levels of acetylated histone H3 (Fig. 5a ). Annexin-V/PI-based apoptosis also revealed decreased apoptosis in resveratrol-treated DDD NP cells compared to that of LVF NP cells (Fig. 5b, e) . To test if treatment with resveratrol is also involved in induction of apoptosis by inflammatory cytokines in DDD NP cells, we examined the effects of treatment with resveratrol on TNFα-induced cells apoptosis. Pretreatment with resveratrol significantly attenuated TNFα-stimulated cells apoptosis induction compared to that without treatment (Fig. 5c, e) . Furthermore, apoptosis was also induced in DDD NP cells cultured under low serum conditions (0.5 % FBS), and the effect of addition of resveratrol on cell apoptosis was tested by flow cytometry analysis. It was found interesting that treatment with resveratrol exerted protective effect of degenerative NP cells against apoptosis induced by low nutrient condition (Fig. 5d, e) . These results also suggested that SIRT1 activation inhibits apoptosis of degenerative human NP cells.
SIRT1 administration inhibits caspase-3 activation on NP cells of DDD
Since caspase-3 is known as a critical executioner of apoptosis, to observe the sensitivity of SIRT1 in cleaving caspase-3 protein levels, the resveratrol administration inhibited caspase-3 activation in DDD NP cells (Fig. 6a, c) by Western blotting. It was shown that the inhibitory effect was partly reverted by the phosphatidylinositol 3-kinase (PI3K) inhibitor LY294002 administration (Fig. 6a, c) . When SIRT1 siRNA were Fig. 2 transfected, upregulation of cleaved caspase-3 level was observed in SIRT1-knockdown cells (Fig. 6a, c) . In addition, it is interesting that no significant changes were observed for Bcl-2 expression in the total protein extracted from cells by treatment with resveratrol, or SIRT1 siRNA transfection (Fig. 6a) .
SIRT1 increases survival of degenerative human NP cells through Akt pathway
PI3K/Akt pathway has demonstrated a signaling event controlling cell survival and apoptosis. To investigate the signaling pathway underlying the SIRT1-mediated degenerative human NP cells rescue from apoptosis, we examined whether SIRT1 could result in changes of Akt phosphorylation. Western blotting using an antibody to phosphorylation of Akt at Ser473 revealed that treatment with resveratrol increased the phosphorylation of Akt (Fig. 6a, b) . However, the resveratrol administered with LY294002 (10 μmol/L) inhibited resveratrol-induced Akt phosphorylation (Fig. 6a, b) . Afterwards, we also explored the effect of SIRT1 siRNA transfection on Akt phosphorylation. As a result, an apparent decrease was observed for Akt phosphorylation in SIRT1-knockdown cells compared to that of the negative control siRNA (NC-siRNA)-treated cells (Fig. 6a, b) . Next, we further examined whether apoptosis of human degenerative NP cells Fig. 3 might be affected by LY294002 or Akt siRNA. By addition of LY294002 for 10 h after treatment with resveratrol for 48 h, we observed that treatment with LY294002 inhibited cells survival (Figs. 5b and 6d, f) . Similarly, Akt knockdown following resveratrol treatment reduced protective effect of resveratrol on human degenerative NP cells (Figs. 5b and 6e, f) . These results indicate that the anti-apoptosis property of SIRT1 is attributable to stimulation of the PI3K/Akt pathway. Fig. 4 Effects of SIRT1 siRNA transfection on apoptosis of degenerative human NP cells. Cells were transfected with negative control siRNA (NC-siRNA) or SIRT1-specific siRNA. Transfected degenerative NP cells were left untreated or treated with tumor necrosis factor-α (TNFα; 12 ng/ml) at 48 h after transfection. a The amounts of SIRT1 proteins were evaluated by Western blot analysis of total cell lysates. b-d The apoptotic percentage of degenerative NP cells determined by flow cytometry. Data represents mean± SD of three independent experiments. Asterisk: significant difference with respect to NC-siRNA (p<0.05) Discussion SIRT1, an enzyme that removes acetyl groups from certain histones and non-histone proteins, is involved in many cellular functions, including cell differentiation and proliferation, apoptosis, and cell aging (Michan and Sinclair 2007; Glozak and Seto 2007; Longo and Kennedy 2006; Furukawa et al. 2007; Saunders and Verdin 2007; Anastasiou and Krek 2006; Qin et al. 2006; Smith and Denu 2006) . However, no study has demonstrated its relationship with NP cells in degenerative human IVD.
In our study, samples of degenerative NP were obtained from patients, diagnosed as DDD by magnetic resonance imaging and clinical manifestations, undergoing nucleotomy and intervertebral fusion surgery to relieve chronic LBP. In fact, obtaining absolutely healthy human NP cells for biologic research is Fig. 5 Effects of SIRT1 activator, resveratrol, on apoptosis of degenerative human NP cells. Cells were treated with resveratrol (8 μM) for 48 h. a The levels of acetylated histone H3 in total cell lysates were analyzed by Western blot analysis. b, c, e Cells were pretreated with resveratrol (8 μM) for 48 h, and then treated with or without TNFα (12 ng/ml) for 12 h, and the percentage of apoptotic cells was analyzed. d, e Degenerative NP cells treated with resveratrol were also cultured under low serum culture medium [0.5 % fetal bovine serum (FBS)], and the percentage of apoptotic cells was analyzed. Data represents mean±SD of three independent experiments. Asterisk: significant difference with respect to control (p<0.05) difficult. Therefore, relatively normal control NP obtained from young patients (<25 years old) with LVF undergoing posterior nucleotomy, spinal fusion, decompression, and stability within 24 hours of trauma, without documented clinical history of LBP, was used as control. Our study is the first to analyze expression variation of SIRT1 in the degenerative NP and normal NP. We found that the levels of SIRT1 mRNA and protein were decreased markedly both in surgical NP tissues and cultured NP cells from the degenerative NP relative to the normal control NP. We also observed changes in COL2A1, aggrecan, and MMP2 levels in the degenerative NP, and these results are consistent with the findings of previous Conversely, resveratrol attenuated active caspase-3, and resveratrol+LY294002 (10 μmol/L) or SIRT1 siRNA active caspase-3. a Different treatments did not cause obvious changes in the amount of Bcl-2 in total cell lysates. b, c The relative density of p-Akt and active caspase-3 is expressed as the ratio (p-Akt/GAPDH, active caspase-3/GAPDH). d-f Apoptotic rate was measured by flow cytometry after treatment with resveratrol+ LY294002 or Akt-siRNA (see also Fig. 5b ). Data represents mean±SD of three independent experiments. Asterisk: significant difference with respect to control or resveratrol+LY294002 group (p<0.05). Number sign: significant difference with respect to NC-siRNA group (p<0.05). Asterisk and number sign: significant difference with respect to control, resveratrol+LY294002, or Akt siRNA group (p<0.05) studies (Pokharna and Phillips 1998; Buckwalter 1995; Pearce et al. 1987; Cs-Szabo et al. 2002; Antoniou et al. 1996; Roughley et al. 2006; Wallach et al. 2003; Crean et al. 1997; Kanemoto et al. 1996; Le Maitre et al. 2004) . In a word, these data suggest that expression levels of SIRT1 in human NP gradually decrease with increasing age and degeneration.
It is well established that SIRT1 plays an important role in apoptosis and aging. For example, SIRT1 exerts a negative regulatory role in the production of MMP-1 and MMP-3 in human dermal fibroblasts (Ohguchi et al. 2010) , in the apoptosis of human chondrocytes (Takayama et al. 2009; Gagarina et al. 2010) , in cardiac myocyte apoptosis (Alcendor et al. 2007) , in vascular endothelial cell senescence (Ota et al. 2010) , and in axonal degeneration in neurons (Araki et al. 2004 ). However, to our knowledge, the effect of SIRT1 on apoptosis of degenerative human NP cells has never been reported.
Although more work is needed to further investigate the pathophysiology of degenerative disc disease, previous studies show that the number of cells in the disc declines progressively during disc aging and degeneration, a change attributable to both NP cells necrosis and apoptosis Hanley 1998, 2003; Zhao et al. 2006 Zhao et al. , 2007 Park et al. 2001a, b; Gruber et al. 2002; Hohaus et al. 2008) . Similarly, we found that the incidence of apoptotic cell of degenerative NP specimens was significantly greater compared with the normal control. Since there is an inverse relationship between SIRT1 and cellular apoptosis in human IVD NP cells, we speculate that SIRT1 also exerts its control on cellular apoptosis processes in degenerative human NP. Indeed, treatment with resveratrol, a natural product known to activate many cellular proteins including SIRT1, leads to a reduction in levels of apoptosis and activation of caspase-3 in degenerative human NP cell, similar role of enhancing survival in chondrocyte (Takayama et al. 2009; Gagarina et al. 2010; Csaki et al. 2008; Dave et al. 2008) . In contrast, apoptosis levels of degenerative human NP cells were significantly upregulated in treatment with SIRT1 siRNA transfection or NAM cells compared with control cells. Similarly, transfection of siRNA for SIRT1 cells increase activation of caspase-3 compared with the control. These observations imply that SIRT1 might protect against apoptosis of degenerative human NP cells. In a word, our result agrees with others suggesting that SIRT1 could have a pro-survival role in cells. PI3K/Akt is known as one of the principal signaling molecules for cell proliferation and survival mediated by extracellular stimuli (Parcellier et al. 2008) . Moreover, it has been recently reported that suppression of PI3K/Akt signaling pathway activity resulted in decreased proteoglycan matrix deposition and a significant reduction in aggrecan gene expression by NP cells (Cheng et al. 2009 ). Thus, we reasoned that PI3K/Akt pathway might involve in SIRT1-dependent protective role in human NP cells. Indeed, we discovered that treatment with resveratrol increased the phosphorylation of Akt at Ser473, while treatment with LY294002 following resveratrol partly inverted the role of Akt phosphorylation induced by resveratrol in degenerative human disc NP cells. Furthermore, SIRT1 siRNA transfection, which enhanced the caspase-3 activation and decreased anti-apoptosis property of SIRT1, inhibited phosphorylation of Akt at Ser473. Similar to other findings, SIRT1 can also activate PI3K/Akt pathway to promote survival of human osteoarthritic chondrocytes (Gagarina et al. 2010 ) to inhibit endothelial senescence (Ota et al. 2010) .
Since Bcl-2 is known as anti-apoptosis protein related to mitochondria, we also tested regulation of Bcl-2 by SIRT1 in apoptosis of degenerative human NP cells. Surprisingly, we did not find obvious changes in the expression of Bcl-2 protein in the total protein extracted from cells with different treatment. These findings are in line with a recent study that SIRT1 exerts inapparent effect on Bcl-2 protein in the total protein extracted from chondrocytes (Gagarina et al. 2010 ). We did not investigate further the expression levels of Bcl-2 in the mitochondrial fraction in our paper.
Another drawback of this study is that SIRT1 plasmid transfection experiments by Lipofection 2000 were not successfully conducted because of extremely low transfection efficiency. Consequently, activator of SIRT1, resveratrol, was substituted for SIRT1 plasmid transfection in our study. To get more credible experiment results, it is no doubt that we should choose more safe and efficient SIRT1 plasmid transfection manner, for example, Nucleofector technology.
To elucidate exactly the mechanism between SIRT1 and NP cells apoptosis, we need more research to further investigate activation state of the PI3K/Akt signaling pathway upstream and downstream molecules.
Together, these results demonstrate that SIRT1 is an important mediator of apoptosis of degenerative human disc NP cells. SIRT1 is able to regulate PI3K/Akt signaling in degenerative human NP cells. Thus, SIRT1 may be a novel potential research target for further understanding of the pathophysiology of degenerative disc disease.
